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Abstract 
Aim: This study investigated the risk factors for dysphagia among elderly persons who 
require long-term care, and also examined the systemic sarcopenia-related decrease in 
skeletal muscle mass. 
Methods: We evaluated 399 people who required long-term care and who were residing 
in Omori town, Yokote city, Akita prefecture. After excluding 144 subjects due to 
missing data or inability to complete our tests, we analyzed data from 255 people for 
whom complete information regarding sex, age, case history (cerebrovascular disease, 
Parkinson’s disease, and dementia), Barthel Index, skeletal muscle mass index, oral 
function test, and modified water swallowing test results were available. Subjects were 
classified as having good or poor swallowing functions based on their modified water 
swallowing test results, and a univariate analysis was performed for each study 
parameter. Parameters with a P-value <0.25 in the univariate analysis were subsequently 
included in a multiple logistic regression analysis as explanatory variables, and good or 
poor swallowing function were defined as the dependent variables. 
Results: After adjusting for age and sex, our analysis revealed that tongue motility, 
rinsing ability, and skeletal muscle mass index significantly correlated with swallowing 
function. 
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Conclusions: Decreased swallowing function was closely correlated with poor tongue 
motility and poor rinsing ability, and these findings are similar to those of previous 
studies. However, our results also indicate that decreased skeletal muscle mass index is 
a novel risk factor for dysphagia among elderly persons who require long-term care. 
 
Keywords: dysphagia, modified water swallowing test, long-term care, Sarcopenia, 
skeletal muscle mass index 
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Introduction 
A wide range of studies have determined that stroke is a major cause of 
dysphagia among elderly people, and various assessment and treatment methods are 
becoming standardized. In addition, interest has recently increased regarding whether 
dysphagia is caused by a reduction in muscle mass due to aging (sarcopenia) and the 
accompanying decrease in muscle strength and motor function,
1-4
 although few studies 
have addressed this topic.
5
 If the systemic decrease in muscle mass decreases a person’s 
swallowing function, their nutritional status may also worsen, resulting in a vicious 
cycle. However, as muscle mass can be recovered through improvements in nutritional 
status and physical activity,
6,7
 it may be an important measure for swallowing 
rehabilitation in cases of dysphagia caused by sarcopenia. 
Various risk factors for dysphagia among elderly patients who require nursing care 
have previously been reported. However, this study used skeletal muscle mass (as 
evaluated using the Skeletal Muscle Index [SMI]) as the main indicator for sarcopenia, 
and aimed to elucidate the relationship between SMI and dysphagia. 
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Methods 
Participants 
This study evaluated 399 subjects who were certified as requiring nursing care 
and were living in Omori town, Yokote city, Akita prefecture. The study tests were 
conducted in Omori hospital’s disability or nursing care wards (Yokote city), healthcare 
facilities for the elderly in Omori town, special nursing homes for the aged, 3 group 
homes for elderly patients with dementia, day service institutions, and the subjects’ 
homes. After excluding 144 subjects with incomplete data or who could not complete 
our tests, we included 255 subjects with complete data regarding sex, age, case history 
(cerebrovascular disease, Parkinson disease, and dementia), Barthel Index, SMI, oral 
function test results, and modified water swallowing test (MWST) results. 
 
Ethical considerations 
Informed consent was obtained from each subject or their agent before their 
participation in this study. All subjects were fully informed regarding the purpose, 
nature, and potential risks of the experiments; that participation was voluntary; and that 
they would not be placed at any disadvantage if they refused to participate in the study 
or withdrew from it before its completion. Subjects’ names and dates were recorded as 
7 
 
numbers to prevent the identification of any individual. The study design was approved 
by the Ethics Committee of the Tokyo Metropolitan Institute of Gerontology (Issue #38 
in 2009) and the Ethics Committee of the Showa University School of Dentistry (Issue 
#2014-010 in 2014). All tests were performed in accordance with the tenets of the 
Declaration of Helsinki, as revised in 2008. 
 
Study design 
This study was carried out in February 2014. All swallowing and oral function 
tests were performed by dental specialists who had 10 h of training in the study's tests 
and experience in more than 10 cases; the evaluation criteria were calibrated to account 
for inter-investigator differences. Basic subject information, assessments of activities of 
daily living, and nutritional assessments were obtained from the nursing staff who 
provided daily support to the subjects. To evaluate rinsing ability in daily life, we 
referred to assessments that were made by the nursing staff for each subject. Cognitive 
functional assessments were performed by specialized investigators, and were based on 
information that was provided by the nursing staff. 
 
1. Basic information 
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Data regarding the subject’s age, sex, and medical history (cerebrovascular 
disease, Parkinson disease, and dementia) were obtained from the nursing staff. 
 
2. Barthel Index 
The subjects’ ability to perform their activities of daily living was measured 
using the Barthel Index,
8
 with scores ranging from 0 to 100 points. 
 
3. Skeletal muscle index 
The subjects’ body composition was measured using the InBodyS10® system 
(Bio Space, South Korea), via the bioelectrical impedance analysis (BIA) method, over 
a 5-min period, in one of the following positions: sitting upright, sitting at a 45° angle, 
or lying supine. Patients with a cardiac pacemaker were excluded from the study. For 
the multivariate analysis, the 25
th
 percentile was used as the cut-off, and the subjects 
were categorized into either the reduced muscle mass group or the normal muscle mass 
group. 
  
4. Oral function 
1) Occlusal contacts 
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We evaluated the state of molar occlusion using the methods described by 
Kikutani et al.
9
 The occlusal support region from the first premolar tooth to the second 
molar tooth was defined as the posterior molar occlusion, and a 3-level assessment was 
made. Subjects whose molar occlusion was only established with the remaining teeth 
were designated as Group A, subjects who required dentures to maintain occlusion were 
designated as Group B, and subjects without dentures and who did not have molar 
occlusion were designated as Group C. For analysis, Groups A and B were defined as 
the molar occlusion group, and Group C was defined as the no occlusion group. 
2) Tongue motility 
To evaluate tongue motility, subjects were asked to stick out their tongues. 
Subjects who could not obey instructions were examined by an investigator who stuck 
out his/her own tongue and asked the subject to imitate this action. If a subject’s 
proglossis could pass beyond the dental arch, their tongue motility was defined as good; 
all other subjects were defined as having poor tongue motility.  
3) Rinsing ability 
Subjects who could rinse rhythmically and sequentially without leaking water 
were defined as have a good rinsing ability, and subjects who could not successfully 
complete this test were defined as having poor rinsing ability. 
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4) Mouth dryness 
Mouth dryness was categorized as absent or present, based on a visual 
examination by a dentist. 
 
5. Swallowing function 
We evaluated swallowing function using a modified water swallowing test 
(MWST), as previously described.
10
 In short, 3 mL of cold water was poured into the 
floor of the subject’s mouth with a 5 mL syringe, after which the participant was 
instructed to swallow, and their swallowing was scored (Table 1). If their score was ≥4, 
the test was repeated twice, and the lowest score was used as the test result. A score of 4 
or 5 was defined as good swallowing function, and a score of ≤3 was defined as poor 
swallowing function. The swallowing function of subjects who were at risk of severe 
dementia or whose general status was unknown was not tested.  
 
Statistical analysis 
Continuous variables were analyzed using the unpaired t-test and 
Mann-Whitney U-test, and categorical variables were analyzed using the chi-square test. 
To identify the factors that were related to good or poor swallowing function, factors 
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that were significant in the univariate analysis (P < 0.25) were selected as explanatory 
variables for the multiple logistic-regression analyses, which were performed with 
“good” or “poor” swallowing function as the dependent variables. SPSS® Statistics 
(version 22, IBM Japan, Tokyo) was used for all analyses, and the significance level 
was set at <0.05. 
 
Results 
The subjects’ clinical characteristics are shown in Table 2. This study included 
58 men (mean age: 83.6 ± 7.7 years) and 197 women (mean age: 85.7 ± 5.9 years). 
Among the 255 subjects, 91 (35.7%) had a history of cerebrovascular disease, 7 (2.7%) 
had Parkinson’s disease, and 221 (86.7%) had dementia. 
The mean value and frequency for each surveyed item was calculated and 
compared according to swallowing function (Table 3). In the univariate analysis, 
significant differences were observed for the Barthel Index (P < 0.001), SMI (P < 
0.001), presence of cerebrovascular disease (P = 0.016), presence of dementia (P = 
0.028), absence of molar occlusion (P < 0.001), poor tongue motility (P < 0.001), poor 
rinsing ability (P < 0.001), and an SMI of less than the 25th percentile (P < 0.001). Next, 
a multiple logistic regression analysis was performed using the factors that were 
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associated with “good” or “poor” swallowing function as the explanatory variables (P < 
0.25 in the univariate analysis; cerebrovascular disease, dementia, Barthel Index, the 2 
molar occlusion groups, the 2 tongue motility values, the 2 rinsing values, and the 2 
SMI values). “Good” or “poor” swallowing function was set as the dependent variables, 
and analysis of the sex- and age-adjusted odds ratios (OR) revealed that tongue motility 
(OR: 2.79, 95% confidence interval [CI]: 1.01–7.70, P = 0.047), rinsing ability (OR: 
2.77, 95% CI: 1.02–7.50, P = 0.045), and SMI (OR: 3.53, 95% CI: 1.42–8.77, P = 
0.007) were significantly associated with swallowing function (Table 4).  
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Discussion 
Japan has an aging rate of 25% and a population that is characterized by 
abnormal longevity (vs. other nation),
11
 therefore a significant amount of age-related 
research has been conducted in the Japanese population. Among this body of research, 
sarcopenia (muscle mass reduction due to aging)
1-4
 has been a topic of interest, as well 
as the accompanying decrease in muscle strength and motor function, as these factors 
can cause weakness and necessitate nursing care among the elderly population. 
Sarcopenia can also lead to a low nutritional status, due to the reduction in muscle mass. 
In addition to the establishment of diagnostic criteria, the association between 
sarcopenia and systemic disease, oral function, and nutritional status has also been 
reported.
12
 Furthermore, the relationship between swallowing function and systemic 
disease, oral function, and nutritional status among elderly people who require nursing 
care has also been reported,
13,14
 although few studies have evaluated the relationship 
between swallowing function and sarcopenia. Therefore, this study was designed to 
investigate the relationship between the known risk factors for dysphagia among elderly 
people who require nursing care, which include age, oral function (occlusion state, 
rinsing ability, lingual function), stroke, Parkinson’s disease, dementia, and SMI (which 
is the main indicator for sarcopenia). Our results indicate that poor rinsing ability, 
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reduced tongue motility, and reduced SMI are risk factors for dysphagia. 
Regarding methods that are used to assess swallowing function, 
videofluoroscopic swallowing tests (VF) or videoendoscopic swallowing tests (VE) 
have frequently been used. However, these testing methods require special facilities, are 
performed in an unnatural environment, and are not suitable for general use, as they 
impose a significant burden on the subject. In contrast, the MWST can be performed at 
the bedside, and Tohara et al.
10
 have reported that its sensitivity is 70% and its 
specificity is 88% for detecting aspiration. Therefore, it is believed that the MWST is a 
useful screening test for detecting aspiration among home-dwelling and institutionalized 
elderly people who require nursing care. Therefore, we used the MWST as a method for 
assessing swallowing function, and were able to detect the presence or absence of 
dysphagia to a certain level of accuracy. 
Previous studies have reported that the loss of occlusion support leads to a 
decline in nutritional status,
9
 and may trigger dysphagia.
 
In addition, reduced physical 
function, degenerative disease, and dietary intake have also been suggested as causes of 
poor nutrition.
15
 Furthermore, mastication function, which encompasses the number of 
remaining teeth, number of functional teeth, and general oral health is also considered a 
major factor.
16,17
 However, we did not find a significant relationship between 
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swallowing function and the presence or absence of molar occlusion. Interestingly, the 
presence or absence of molar occlusion has a major impact on mastication function, and 
is thus thought to play a major role in swallowing function.
18
 However, we believe that 
this association was absent because most of our subjects were currently residing in 
nursing care institutions and were receiving food that was appropriate to their level of 
mastication function. Furthermore, the MWST cannot assess mastication function, 
which may have masked any association between swallowing function and mastication 
function. 
Many methods exist for assessing oral dryness,
19
 although our assessments 
were made via visual examination of the oral cavity by a dentist. An association 
between oral dryness and dysphagia has been reported using the Repetitive Saliva 
Swallowing Test (RSST).
20
 However, no such association was observed in our study. 
We believe that this is due to the fact that the MWST was performed by pouring 3 mL 
of cold water onto the floor of the oral cavity and asking the subject to swallow, which 
would have minimized the effect of oral dryness, compared to that experienced during 
the RSST, where the subject swallows his or her own saliva. 
Sato et al. evaluated Alzheimer patients with dementia in elder-care facilities, 
and reported that poor rinsing was a risk factor for dysphagia.
21
 In that study, an MWST 
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score of <3 was defined as dysphagia (we also used the same criterion), and the fact that 
we also identified poor rinsing as a risk factor for reduced swallowing function 
demonstrates the validity of assessing swallowing function by assessing rinsing and via 
the MWST. Furthermore, good or poor rinsing can easily be assessed by nursing or care 
staff during their observation of the subject’s daily activities. We believe that the 
validation of good or poor rinsing as a screening method for dysphagia is a key finding 
of the present study.  
Tongue motility is very important for the formation of a food bolus and transfer 
during the oral phase,
22
 and is also a key factor in swallowing. As tongue motility is 
strongly related to tongue pressure and muscle mass, Yoshida et al.
24
 have reported that 
tongue pressure is significantly reduced in patients with dysphagia. In addition, 
Okayama et al. evaluated tongue pressure and thickness among elderly persons who 
required nursing care,
25
 and they reported that subjects with dysphagia had low values 
for tongue pressure and thickness, and that there was an association between tongue 
motility and dysphagia. Our findings support the conclusion that poor tongue motility is 
a risk factor for reduced swallowing function. Therefore, together with rinsing, sticking 
out the tongue can be used as a simple screening method for dysphagia, which is 
another key finding of our study. Moreover, reduced tongue thickness and pressure is 
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significantly associated with the period of nursing care and BMI,
25
 which indicates that 
sarcopenia may occur systemically and specifically in the tongue. In addition, reduced 
swallowing function occurs when sarcopenia is present in the muscles that are involved 
in swallowing food. Therefore, in cases of frail elderly patients with dysphagia, 
difficulties in closing the pharyngeal vestibule, failure to transfer food via the tongue, 
and delays in hyoid bone movement should be considered.
26
 Finally, Tamura et al. 
measured tongue muscle thickness in elderly patients used an ultrasound diagnostic 
device,
27
 and they reported that nutritional status also influenced tongue muscle 
thickness. 
In our study, a reduced SMI was a significant risk factor for reduced 
swallowing function. However, our most notable finding was that a reduced SMI was 
more strongly associated with a reduced swallowing function than any of the previously 
described risk factors, including age, oral function (occlusion state, rinsing ability, and 
tongue motility), stroke, Parkinson disease, and dementia. Interestingly, much research 
and debate exists regarding the precise definition and diagnostic criteria for sarcopenia, 
which have yet to be standardized.
1-4
 However, several published articles
3
 have stated 
that the broad diagnostic criteria for sarcopenia include both a reduction in muscle mass 
and a reduction in muscle strength and physical function. Nevertheless, the 
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measurement of muscle mass is indispensable in all of the criteria. Various methods 
have been used to evaluate muscle mass, including computed tomography, magnetic 
resonance imaging, dual x-ray absorptiometry, and the BIA method. However, after 
considering the effects of x-ray exposure on our subjects and the available facilities, we 
selected the BIA method, which can be performed in the seated upright position, while 
seated at a 45° angle, or while in the supine position. 
Muscles undergo repetitive cycles of protein synthesis and breakdown, and 
muscle mass is known to decrease during aging as the rate of breakdown exceeds the 
rate of synthesis; the state of sarcopenia occurs when this imbalance becomes severe. 
Nutritional habits, such as the consumption amino acids and vitamin D, are crucial to 
maintaining protein synthesis, and the worsened nutritional status during aging affects 
the muscle mass of the whole body, including the muscles that are involved in 
swallowing, and thus leads to a reduction in swallowing function. Kuroda et al. used the 
graded water-swallowing test for assessing swallowing function,
5
 and reported that 
dysphagia among elderly patients was correlated with upper arm circumference, which 
also suggests the presence of sarcopenia in dysphagia. In contrast, we used the BIA 
method, which is more accurate than upper arm circumference for assessing muscle 
mass (as it measures lean body mass), and were able to more clearly highlight the 
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relationship between sarcopenia and dysphagia. 
Our results indicate that a cycle exists where a reduction in nutritional status 
occurs due to a reduction in swallowing function, which in turn leads to a reduction in 
SMI and tongue muscle mass, and these reductions result in a further reduction in 
swallowing function. In the future, given the increasing average lifespan and the 
development of disease prevention methods, an increase can be predicted in elderly 
patients who experience a decline in swallowing function that does not have a clear 
cause (e.g., stroke) and proceeds sub-clinically. Furthermore, our results indicate that 
oral function assessment methods (e.g., tongue motility and rinsing ability) and 
systemic muscle mass assessment (e.g., via SMI) can be used to effectively screen for 
declining swallowing function due to aging and poor nutrition. Using these screening 
methods, patients can be identified and provided with appropriate nutritional therapy 
and rehabilitation. Moreover, these methods may be relevant and easy to use for elderly 
subjects and those involved in their care, and we hope that these findings can be used to 
prevent the decline in swallowing function among elderly persons.  
In conclusion, based on our analysis of the risk factors for dysphagia among 
elderly subjects who required nursing care, a reduced SMI was found to be a 
statistically significant risk factor for dysphagia, even after adjusting for age, oral 
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function (occlusion state, rinsing ability, and tongue motility), stroke, Parkinson disease, 
and dementia. 
 
Limitations 
This study used a cross-sectional design, therefore we are unable to comment 
on the causality of the relationship between SMI and swallowing function. However, as 
we performed our analysis with “good” or “poor” swallowing function as the dependent 
variables, we were able to indicate that a reduction in SMI was a significant risk factor 
for reduced swallowing function. Nevertheless, a longitudinal study is needed to 
determine whether reduced SMI can cause a decline in swallowing function. 
In addition, although we evaluated the swallowing function, oral function, and 
SMI of elderly subjects who required nursing care, we did not study the relationship 
between SMI and the mass of the muscles that are involved in mastication and 
swallowing, such as the tongue, masseter, or suprahyoid muscles. Furthermore, we did 
not investigate the relationship with the quality of these muscles. In the future, the 
relationship between oral function (swallowing and mastication functions) and the 
systemic muscle state should be investigated in new subjects, using BIA and an 
ultrasonographic diagnostic device, to evaluate the association between the systemic 
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muscle mass and that of the muscles that are involved in mastication. 
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